This first study in humans was designed to evaluate the safety and dosimetry of a cellular proliferative marker, N-(4-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-2-(2-18 F-fluoroethoxy)-5-methylbenzamide ( 18 F-ISO-1), and evaluate the feasibility of imaging tumor proliferation by PET in patients with newly diagnosed malignant neoplasms. Methods: Patients with biopsy-proven lymphoma, breast cancer, or head and neck cancer underwent 18 F-ISO-1 PET. Tumor 18 F-ISO-1 uptake was assessed semiquantitatively by maximum standardized uptake value, ratios of tumor to normal tissue and tumor to muscle, and relative distribution volume ratio. The PET results were correlated with tumor Ki-67 and mitotic index, from in vitro assays of the tumor tissue. The biodistribution of 18 F-ISO-1 and human dosimetry were evaluated. Results: Thirty patients with primary breast cancer (n 5 13), head and neck cancer (n 5 10), and lymphoma (n 5 7) were evaluated. In the entire group, tumor maximum standardized uptake value and tumor-to-muscle ratio correlated significantly with Ki-67 (t 5 0.27, P 5 0.04, and t 5 0.38, P 5 0.003, respectively), but no significant correlation was observed between Ki-67 and tumor-to-normal-tissue ratio (t 5 0.07, P 5 0.56) or distribution volume ratio (t 5 0.26, P 5 0.14). On the basis of whole-body PET data, the gallbladder is the dose-limiting organ, with an average radiation dose of 0.091 mGy/MBq. The whole-body and effective doses were 0.012 mGy/MBq and 0.016 mSv/MBq, respectively. No adverse effects of 18 F-ISO-1 were encountered. Conclusion: The presence of a significant correlation between 18 F-ISO-1 and Ki-67 makes this agent promising for evaluation of the proliferative status of solid tumors. The relatively small absorbed doses to normal organs allow for the safe administration of up to 550 MBq, which is sufficient for PET imaging in clinical trials.
The development and growth of cancer involves altered rates of tumor cell proliferation. Measurement of cell proliferation can provide useful information on the prognosis and aggressiveness of cancer and can be used to guide treatment in clinical practice (1) . The ideal prognostic factors guide the choice of chemotherapy or nonstandard therapies by identifying patients who are at a higher risk of recurrence. An assessment of tumor proliferation during or after systemic therapy has the potential to be a predictor of response and allow tailoring of therapy. Additionally, information on proliferation can be used for the development of therapeutic agents, some of which may be targeted directly at specific points in the cell division pathway. Many studies suggest that cell proliferation governs tumor growth and invasiveness (2) .
A PET marker of proliferation, 39-deoxy-39- 18 F-fluorothymidine ( 18 F-FLT), a radiolabeled analog of thymidine, has been used for imaging tumor proliferation rate in humans (3, 4) . 18 F-FLT is not incorporated into DNA and is trapped inside the tumor cell after conversion to the corresponding 59-phosphate by thymidine kinase 1 (TK1) (5, 6) . Since TK1 is expressed in the S phase of the cell cycle and inactivated by cyclin-dependent kinase-1 in the early G2 phase of the cell cycle, both 11 C-thymidine and 18 F-FLT provide a pulse-labeling measurement of the percentage of cells in S phase. Thus, an agent providing a pulse label of the S-phase fraction is capable of measuring tumor proliferation rate since a fast-growing tumor (i.e., fast tumor-doubling time) has a high S-phase fraction. However, radiolabeled thymidine analogs do not measure the proliferative status of a tumor since they cannot differentiate between proliferating (P) cells in G1, G2, and M phases versus quiescent (Q) tumor cells in G0. Therefore, 18 F-FLT (or any agent that measures S-phase fraction) will underestimate the proliferative status of a solid tumor, which is operationally defined as the P:Q ratio (7) . Thus, a noninvasive imaging procedure that can provide an accurate measurement of the proliferative status of a solid tumor provides an important alternative to imaging proliferation rate with PET via radiolabeled thymidine analogs.
We have synthesized and characterized a promising 18 Flabeled s2-receptor ligand for PET, N-(4-(6,7-dimethoxy-3,-4-dihydroisoquinolin-2(1H)-yl)butyl)-2-(2-18 F-fluoroethoxy) -5-methylbenzamide ( 18 F-3c), called 18 F-ISO-1. 18 F-ISO-1 exhibited the highest tumor-to-blood and tumor-to-muscle ratios in preclinical studies relative to its structural congeners (7, 8) . Thus, we have chosen 18 F-ISO-1 to study the feasibility of imaging patients with different cancer types including breast, head and neck, and diffuse large B-cell lymphoma with PET/CT. The aims of this first study in humans were to document the safety of 18 F-ISO-1, to estimate human dosimetry based on PET results, and to correlate tumor 18 F-ISO-1 uptake with tumor tissue assays of Ki-67 and mitotic index.
MATERIALS AND METHODS

Patient Population
This study was conducted under the aegis of investigational new drug application 102941 submitted to the U.S. Food and Drug Administration and was approved by the Institutional Review Board and the Radioactive Drug Research Committee at Washington University School of Medicine. All patients gave written informed consent before participation. We studied 30 adult patients (14 men and 16 women) with newly diagnosed breast cancer, head and neck cancer, or lymphoma. All patients had their tumor Ki-67 and mitotic index confirmed by morphologic and immunohistochemical assessment by a pathologist (9) . Patients were required to have a lesion size of at least 1.5 cm as determined by imaging studies (mammography, ultrasonography, CT, or MR imaging) or physical examination. All patients underwent routine clinical staging as dictated by the treating medical oncologist or surgeon.
F-ISO-1 Radiopharmaceutical Synthesis
18 F-ISO-1 was produced from the ISO-1-mesylate, by treatment with Kryptofix 222 (Merck) and in accordance with the modified published procedure (8) . Production was performed either on a robotic automated system (Catalyst-5 Robot; Thermo CRS Ltd.) or on an E-Z Modular Lab System (Eckert & Ziegler Eurotope GmbH).
PET Procedure
For safety evaluation, all patients underwent vital-sign measurement, clinical laboratory testing, and electrocardiography before 18 F-ISO-1 administration, as well as during and after the completion of imaging.
18 F-ISO-1 PET was performed before initiation of standardof-care therapy. PET was performed with a Biograph 40 TP/TV PET/CT scanner (Siemens). Each patient received approximately 296 MBq (8 mCi) of 18 F-ISO-1 intravenously over a period of 60 s.
Twelve patients underwent whole-body 18 F-ISO-1 PET at 2 separate time points to provide data for human dosimetry calculation. Patients were imaged at 0 and 120 min, 30 and 150 min, 60 and 180 min, or 90 and 210 min after injection. For imaging, the subjects were placed supine on the imaging table with arms resting above the head, if possible. A spiral CT scan for attenuation correction was obtained from the top of the skull through the upper thighs. The spiral CT was performed at a maximum of 50 effective milliampere-seconds (using CARE Dose; Siemens) and 120 kVp. Immediately after the attenuation CT scan, emission images beginning at the pelvis and proceeding through the top of the skull were obtained (1-5 min per bed position). The exact timing was dependent on the size of the patient and the injected dose.
The remaining 18 subjects with breast cancer (n 5 6), head and neck cancer (n 5 4), or lymphoma (n 5 4) underwent 60 min of dynamic imaging for kinetic modeling at the level of the tumor (and heart, when in the field of view). This imaging session consisted of CT for attenuation correction and 60 min of dynamic imaging to coincide with 18 F-ISO-1 injection (reframing rate: 30 · 2 s, 12 · 10 s, 6 · 20 s, 10 · 60 s, and 9 · 300 s). Approximately 90 and 120 min after the injection of 18 F-ISO-1, additional static images (5-min emission with CT for attenuation correction) were obtained at the level of the tumor. Time-activity curves were generated from the dynamic data to determine the optimal time for static imaging.
Blood samples from 2 patients (1 mL of whole blood) were used for measurement of the free fraction of the radiotracer and metabolite analysis using high-performance liquid chromatography.
Image Analysis
For qualitative analysis, the 18 F-ISO-1 uptake of each tumor was compared with that of the corresponding site in the normal comparable tissue according to the following grading scale: no uptake (tumor # background), minimal uptake (tumor 5 background), moderate uptake (tumor . background), and intense uptake (tumor .. background). In addition, the images were evaluated semiquantitatively by measurement of the tumor maximum standardized uptake value (SUV max ) and the tumor-tonormal-tissue (T/N) and tumor-to-muscle (T/M) activity ratios. Regions of interest (ROIs) were drawn around the entire lesion with knowledge of the location of the tumor. In addition, similar ROIs were drawn on contralateral normal tissue and an approximately 1.5 · 1.5 cm ROI was drawn on muscle. The T/N ratio was calculated by dividing the SUV max of tumor by the SUV max of normal tissue. The T/M ratio was calculated by dividing the SUV max of tumor by the mean standardized uptake value of muscle.
Preliminary analysis of small-animal PET images suggested that 18 F-ISO-1 displays classic receptor-ligand kinetics in target tumor tissue (Shoghi et al., unpublished data, December 2012). In the absence of free-fraction-corrected 18 F-ISO-1 input function, we performed classic Logan graphical analyses (10,11) with a reference tissue as input to ascertain the relative distribution volume ratio (DVR) between target (tumor) ROI and reference ROI. The DVR was determined by estimating the slope of the linear portion of the Logan plot, typically using the last 5 data points. The reference ROIs were muscles and normal surrounding tissues or a similar contralateral organ.
Image-Derived Patient Dosimetry
Organ activity data were obtained by drawing ROIs on the PET images for the following organs: liver, spleen, pancreas, lung, kidneys, brain, heart, gallbladder, small intestines, and urinary bladder. The fused PET/CT images of all patients were used to guide the delineation of the ROIs. The ROIs on the liver and small intestines were drawn over several adjacent slices to encompass most of the visible part of the corresponding organs on the PET images. For these organs, the average activity concentration was determined, and the total amount of activity was calculated by multiplying this value by the organ mass for a standard adult man and then scaling this value by the patient's mass relative to the standard model. The total activity in each organ was divided by the injected activity to derive the percentage injected dose for each organ at each time point. For the gallbladder and urinary bladder, the total activity was measured using a large ROI encompassing the whole organ as visible on the images. Time-activity curves were then obtained by combining the data from all patients, decay-corrected to the injection time. Finally, organ residence times were calculated by analytic integration of a clearance or uptake function fitted as a combination of exponential functions. All unmeasured activity was assigned to the remainder of the body. The measured residence times were used in OLINDA/EXM to yield the human radiation dose estimates using the standard adult male model. The cumulative activity contained in the urinary bladder, as visible on the images, was used to evaluate the amount of excreted activity via the urinary track using the bladder model in OLINDA.
In Vitro Analysis of Tumor Tissue
The tissues were routinely fixed in 10% buffered formalin, embedded in paraffin, and serially sectioned into 4-mm-thick slices for routine hematoxylin and eosin staining to assess the mitotic figures.
Ki-67 immunohistochemistry (Ventana Medical Systems, clone 30-9, predilute) was performed using an autostainer (Benchmark XT System; Ventana Medical Systems) according to the manufacturer's instructions. Positive and negative controls were run simultaneously.
Sections were examined and mitotic figures were counted in 10 high-power fields (·1,000) (BX40; Olympus) selected in the proliferatively active periphery of the tumor, when possible, and the mean number of mitotic figures reported. The mitotic index was assessed by Ki-67 staining and semiquantitated by providing the mean percentage of staining tumor cells in 3 high-power fields (·1,000) (BX40) in areas of greatest staining density.
Statistical Analysis
Means and SDs of Ki-67, mitotic index, and 18 F-ISO-1 uptake measures (SUV max , T/N, and T/M) were calculated. The correlation between Ki-67, mitotic index, and the PET uptake measures was described by the Kendall t-coefficient, which measures the degree of similarity between 2 variables based on their relative rankings rather than the exact values. The distributions of the 18 F-ISO-1 uptake measures between tumors with high versus low Ki-67 were also compared using the Mann-Whitney rank-sum test, and receiver operating characteristics were used to determine the best cutoff to distinguish tumors with high Ki-67 from those with low Ki-67.
RESULTS
Patient Characteristics
Thirty patients were enrolled in the study. The demographic characteristics of the patients are summarized in Table 1 . Their mean age was 55.3 y (range, 38-80 y). There were 13 patients with primary breast cancer (14 primary cancers), 10 with primary head and neck cancer, and 7 with lymphoma (diffuse large B-cell lymphoma).
Safety Evaluation
The mean and SD of the administered mass of 18 F-ISO-1 was 2.1 6 0.97 mg (range, 0.89-4.3 mg). The mean administered activity was 282.9 6 45.7 MBq (range, 99.2-299.7 MBq). There were no adverse or clinically detectable pharmacologic effects in any of the 30 patients. No significant changes in vital signs or in the results of laboratory studies or electrocardiograms were observed.
PET Results
Thirty-one tumors were evaluated. One patient had 2 foci of breast cancer. Uptake in the tumor mass was markedly increased relative to normal comparable tissue in 2 tumors, moderately increased in 15, and mild to minimally increased in the remaining 14. Examples of tumor uptake of 18 F-ISO-1 are shown in Figure 1 . Based on receiver-operating-characteristic analysis, a Ki-67 of 35% was the best cutoff to distinguish between the tumors with high Ki-67 (.35%) and low Ki-67 (,35%) (Fig. 2, top) . On the basis of qualitative analysis, moderately or markedly increased uptake was seen in 65% (11/17) of tumors with high Ki-67 versus 43% (6/14) of those with low Ki-67. Tumor 18 F-ISO-1 uptake assessed by T/M was significantly different in highand low-Ki-67 groups (mean 6 SD, 4.9 6 3.1 vs. 2.6 6 0.8, P 5 0.0007). However, no significant difference was noted between high-or low-Ki-67 groups and tumor 18 F-ISO-1 uptake assessed by SUV max , T/N ratio, and DVR.
The number of patients in each disease group was too small to allow for a reliable assessment between the tumor 18 F-ISO-1, Ki-67, and mitotic index. In the entire group, there was a significant correlation between tumor Ki-67 and 18 F-ISO-1 uptake, assessed by T/M and SUV max (t 5 0.27, P 5 0.04, and t 5 0.38, P 5 0.003, respectively) (Fig. 2,  bottom) . However, there was no significant correlation between Ki-67 and tumor 18 F-ISO-1 uptake assessed by T/N (t 5 0.07, P 5 0.56) or by DVR (t 5 0.26, P 5 0.14) in the dynamic group. There was no significant correlation between mitotic index and tumor 18 F-ISO-1 uptake, as measured by T/M, SUV max , T/N, and DVR (P 5 0.17, 0.5, 0.15, and 0.7, respectively).
The analysis of the dynamic imaging (n 5 18) indicated that tumor uptake peaked a few minutes after injection and did not significantly change throughout the 60 min of dynamic imaging. Similarly, activity in the blood (measured from an ROI over the left ventricular chamber) showed rapid clearance to approximately 0.004 %ID/mL by approximately 5 min (Fig. 3) . In breast cancer patients for whom the heart was in the field of view, blood-pool activity was higher than tumor uptake. Blood activity was fitted with a biexponential clearance model and was seen to rapidly wash out, with a biologic half-life of 12 s, and then reach a much slower clearance with a half-life of 138 min. Assuming an 8% blood volume per body weight, this finding indicates that 20%-25% of the activity was still circulating in the blood. Freefraction measurement indicated that 18 F-ISO-1 bound tightly to plasma proteins, having a free fraction of only 1%. Metabolite analysis indicated that the form of radioactivity present in blood was approximately 90% parent compound, 18 F-ISO-1, with the remaining 10% being localized in red blood cells. The tumor had already been seen to reach a stable value of activity at 10-20 min after injection.
Whole-Body PET Dosimetry Results
The SUV max data in normal organs over the course of the imaging sessions were as follows: liver, 8.4 6 2.5; lungs, 1.8 6 1.2; kidneys, 2.2 6 0.8; brain, 0.3 6 0.1; heart wall, 2.8 6 0.7; spleen, 2.0 6 0.7; pancreas, 11.5 6 5.3; small intestine, 3.2 6 1.3; and gallbladder, 16.7 6 8.7. Typical whole-body images of the tracer distribution (Fig. 4) showed dominant activity in the liver, gallbladder, and pancreas at 30 min. The average accumulation over the 3.5-h imaging period was highest in the gallbladder, pancreas, and liver. The measured organ time-activity curves are presented in the supplemental data (available online at http://jnm.snmjournals.org), and the corresponding residence times are listed in Table 2 . The longest residence times were in the liver and gallbladder. Gallbladder uptake was seen to increase linearly with time at a rate of 0.17% per hour. The gallbladder time-activity curve was integrated until 6 h after injection with the assumption that this organ empties at this time. Within the time of imaging, the small intestine contained approximately 2% of the injected activity. Radiation doses are listed in Table 3 . The highest doses were 0.091, 0.070, and 0.054 mGy/MBq to the gallbladder, liver, and pancreas, respectively. The whole-body dose was 0.012 mGy/MBq, and the effective dose was 0.016 mSv/MBq. Under the guidelines of 50 mGy for the highest dose to any organ, a maximum of 550 MBq can be injected and will yield an effective dose of 8.6 mSv. This amount is commensurate with 18 F-FDG and therefore allows for safe and efficient imaging of patients. Overall, 31% of the injected activity was measured in the visible organs. The excreted amount derived from the OLINDA bladder model was 1% of the total activity.
DISCUSSION
One of the hallmarks of cancer is cellular proliferation, which is an important prognostic indicator of tumor behavior and a crucial factor to monitoring the effectiveness of anticancer therapy. Tumors with a high cell-proliferation status may be at a higher risk of recurrence and may benefit from therapies tailored to the individual patient. Many anticancer therapies target cycling cancer cells and are ineffective to Q or "dormant" cancer cells. Monitoring of cell proliferation during therapy can be used to assess the effectiveness of therapy and may allow for further tailoring of therapy. Ki-67, a marker of cell proliferation that is expressed in all phases (S, G1, G2, and M) of the cell cycle, is not expressed in Q (G0) cancer cells. A linear relationship has been demonstrated between the Ki-67 index and the S-phase fraction of cells (12) . Currently, determination of Ki-67 from a biopsy specimen or surgical resection of the tumor is the accepted method for assessment of cell proliferation. However, this method is invasive and not all tumors are readily accessible for tissue sampling or surgical resection.
PET imaging of cell proliferation has shown promise as an alternative method and is considered an important tool for assessment of the effectiveness of cancer therapies. Several radiopharmaceuticals have been proposed for PET imaging of cell proliferation, with the most promising to date being 18 F-FLT. 18 F-FLT is a thymidine analog and, once inside the cell, is phosphorylated by TK1 into FLT monophosphate, which is trapped within the cell. TK1 is the rate-limiting enzyme in the salvage pathway of DNA synthesis and exhibits catalytic activity primarily during the S phase of the cell cycle, and PET studies with 18 F-FLT therefore reflect a pulse label of the S-phase fraction of cycling cancer cells (13, 14) . Thus, a positive correlation between tumor 18 F-FLT uptake and in vitro analysis of Ki-67 expression should be expected on the basis of published reports demonstrating the linear relationship between S-phase fraction and Ki-67 expression. However, there are conflicting results in the correlation of tumor 18 F-FLT uptake and Ki-67, and although some reports demonstrated a strong correlation between 18 F-FLT uptake and Ki-67 expression (15) (16) (17) (18) , others have demonstrated the lack of such correlation (19, 20) . One of the reasons for this discrepancy is the loss of cell cycle-specific regulation of TK1 in cancer cells (21) . Another reason could be related to the fact that 18 F-FLT PET measures cell proliferation of the entire tumor whereas biopsy samples for the assessment of Ki-67 measure proliferation in only a small part of the tumor. Furthermore, 18 F-FLT has additional limitations such as high bone marrow activity and low tumor uptake in comparison to 18 F-FDG, resulting in lower sensitivity in the detection of nodal and distant metastatic disease (22) .
Over the past decade, a limited number of studies have been reported using PET-and SPECT-based radiotracers for imaging s-receptors (23, 24) . However, these tracers either were s1-selective or bound with a similar affinity to s1-and s2-receptors. There is, however, no evidence supporting the use of the s1-receptor as a biomarker for imaging the proliferative status (i.e., P:Q ratio) of solid tumors. On the other hand, the s2-receptor has been fully validated as a biomarker for imaging the proliferative status of solid tumors, and the results of the current study demonstrate that 18 F-ISO-1 has the potential to provide this information in cancer patients. Furthermore, our group has previously reported that s2-selective radiotracers provide a higher tumor-to-background ratio than nonselective s1/s2-radiotracers in an animal model of breast cancer (25) . Therefore, 18 F-labeled s2-selective PET radiotracers such as 18 F-ISO-1 are expected to provide a higher tumor-to-background ratio in clinical imaging studies than nonselective s1/s2 radiotracers.
A potential alternate to 18 F-FLT is 18 F-ISO-1, a s2-receptor ligand, which evaluates a completely different aspect of cellular proliferation: the proliferative status. s2-receptors, a marker of proliferation, are overexpressed in a variety of human cancers (such as breast cancer, small cell lung cancer, and gliomas) and rodent models of human cancer (26) (27) (28) and likely play an important role in cancer biology (29) . The density of s2-receptors in breast tumor P cells is much higher than that in breast tumor Q cells (30) . s2-receptors are upregulated during the transition from Q to P cells and are downregulated during the transition from P to Q cells. These data indicate that the s2-receptor is a biomarker for measuring the transition of tumor cells between proliferative and quiescent states. Tumor quiescence occurs when a solid tumor outgrows its blood supply, resulting in nutrient deprivation in regions of the tumor. The tumor cells then enter the Q state until the tumor microenvironment is optimal to sustain growth. Cells in the Q state stay undifferentiated and sometimes may remain in this state for prolonged periods. Since many chemotherapeutics target cycling (P) tumor cells and are ineffective against Q tumor cells, a knowledge of the P:Q ratio of a solid tumor should predict the likelihood that the tumor will respond to cell-cycle-specific chemotherapeutics. Thus, 18 F-ISO-1, which provides a measure of the ratio of P to Q cells within the tumor, should provide unique information that can be useful in cancer therapy. Our findings suggest that 18 F-ISO-1 PET is useful for evaluating tumor cellular proliferation. We found a significant correlation between Ki-67 and 18 F-ISO-1 uptake, as measured by SUV max and T/M, in patients with lymphoma, breast cancer, and head and neck cancer. However, no significant correlation was noted between Ki-67 and 18 F-ISO-1 uptake, as measured by DVR and T/N. This may be related to the variability of normal-tissue uptake, which was high in the head and neck region and low in breast tissue and created difficulty with identifying the normal comparable tissue in some patients with lymphoma.
We also found that, as assessed by T/M for 18 F-ISO-1 uptake, a Ki-67 of 35% was the best cutoff to distinguish tumors with a high Ki-67 from tumors with a low Ki-67. The analysis of the dynamic images indicated that uptake in tumor peaked early after injection and stayed unchanged throughout the 60 min; thus, there was no significant washout. The blood activity cleared within a few minutes to a stable fraction. Free-fraction measurements indicated that 18 F-ISO-1 binds tightly to plasma proteins, having a free fraction of only 1%. Metabolite analysis indicated that approximately 90% of the parent compound is present in blood throughout the study, with the remaining 10% being localized in the red blood cells. The stable uptake of 18 F-ISO-1 in blood, muscle, and tumor indicates that equilibrium is achieved between these compartments rapidly (10-20 min after intravenous injection) and remains stable throughout the 60-min acquisition.
The early PET images showed rapid accumulation of activity in the liver, gallbladder, and pancreas. The larger accumulation in the pancreas was due to the increased number of s2-receptors in this organ, whereas accumulation in the liver and gallbladder suggested hepatobiliary metabolism and clearance. The activity in the gallbladder increased over time, with large interpatient fluctuations that were probably due to differences in diet. Some patients showed significant activity in their lungs, probably related to activity in the blood. The biodistribution data showed that activity was highest in the gallbladder, with an average radiation dose of 0.091 mGy/MBq. Human radiation doses calculated from the PET images indicated an effective dose of 0.016 mSv/MBq. No adverse effects were noted.
CONCLUSION
The results of this pilot study indicated that 18 F-ISO-1 is a promising radiotracer for imaging the proliferative status of solid tumors. Dosimetry estimates indicated that a maximum of 550 MBq can be administered to patients. The heterogeneity of 18 F-ISO-1 uptake seen in the patient population was expected since the proliferative status of solid tumors varies highly from patient to patient. The high correlation of T/M ratios with Ki-67 scores indicates that 18 F-ISO-1 may provide an imaging alternative to biopsy specimens for obtaining this measurement. The observation that 18 F-ISO-1 can stratify patients into groups of high (Ki-67 . 35%) and low (Ki-67 , 35%) proliferative status is expected to be useful in selecting patients who are likely to respond to chemotherapeutics that target cycling cancer cells. Thus, 18 F-ISO-1 PET is feasible and safe, although additional clinical imaging studies are clearly warranted.
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